Approaching rewards and avoiding punishments could be considered as core principles governing behavior. Experiments from behavioral economics have shown that choices involving gains and losses follow different policy rules, suggesting that appetitive and aversive processes might rely on different brain systems. Here we contrast this hypothesis with recent neuroscience studies exploring the human brain from brainstem nuclei to cortical areas. A strict anatomical divide seems difficult to draw, as appetitive and aversive stimuli appear to be processed in a flexible manner that depends on a context-wise subjective reference point. However, some valence specificity can be defined in the sense that net values (discounting appetitive by aversive values) are signaled with enhanced activity in some circuits, versus reduced activity in others. This dichotomy might explain why drugs or lesions can produce valence-specific effects, biasing decisions towards approaching a reward or avoiding a punishment.
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Introduction
''Good and evil, reward and punishment, are the only motives to a rational creature: these are the spur and reins whereby all mankind are set on work, and guided.'' Since these famous words of John Locke, various experiments have been conducted in order to understand how reward and punishment can guide behavior. In standard decision theory [1] , choices are made on the basis of option values, that is estimates of how good or bad the outcome would be. After outcomes are experienced, option values can then be updated following reinforcement learning theory [2] . In principle, the same decision and learning rules could be applied to appetitive and aversive values. In other words, reward and punishment would be two sides in the same dimension.
Yet several findings in behavioral economics have suggested that human agents have different attitudes toward gains and losses, as if these were split in two domains separated by a reference point. For instance, the endowment effect shows that people are willing to pay more to retain some thing they own than to obtain the same thing from someone else [3] . According to the framing effect, people are risk-averse when considering potential monetary gains, but risk-seeking when dealing with losses [4] . Also, losses are not discounted with time in the same manner as gains, as seen in the so-called ''sign effect '' [5] . These observations suggest that the human brain has evolved two different systems dedicated to appetitive and aversive processes, which may exert distinct influences on behavioral biases and clinical symptoms. Meta-analyses of neuroimaging studies lend support to this distinction by highlighting neural circuits associated with processing appetitive and aversive reinforcers (see Figure 1) .
In this review, we explore this dissociation by examining recent evidence from experiments using functional magnetic resonance imaging (fMRI), pharmacological manipulations and clinical studies. Specifically, we discuss: first, the dissociation of neural systems signaling appetitive and aversive value in the human brain; second, the integration of positive and negative features (benefits and costs) into a net decision value; and third, the effect of contextual shifts in appetitive versus aversive value coding. When discussing appetitive values, we consider data using primary, secondary and more abstracts rewards (e.g., food, money and art respectively), while aversive values include action costs like effort or punishing outcomes such as pain or financial loss. We take the approach of initially examining neuromodulatory signals sent by deep brainstem nuclei and then extend our discussion to higher brain areas that are more accessible to neuroimaging techniques.
Appetitive and aversive signaling by neuromodulators
Appetitive and aversive processes appear to be disturbed in many pathological conditions. For instance, depression 
